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Introduction
Recently a vascular hypothesis about the cause of MS was proposed [1, 2] , pursuing the impairment of the cerebral venous drainage as a main factor in determining the manifestation of the disease and the disability, through the combination of multiple site venous lesions, mainly in the extracranial location. Five criteria were elaborated for the ultrasound identification of the more significant venous abnormalities (four criteria for the extracranial veins and one criterion for the intracranial veins), and the authors proposed that the presence of two or more positive criteria are diagnostic for a congenital malformation of the venous outflow, called by them CCSVI [2,3]:
reflux constantly present in IJV or vertebral veins (VVs)
with the head at 0 • and 90 • assessed as flow reversal from its physiologic direction for a duration of >0.88 s during a short period of apnea following a normal exhalation 2. reflux in deep cerebral veins assessed as the presence of flow reversal for a duration of >0.50 s during normal Both the careful reading and analysis of the ultrasound protocol described and applied by the proposing authors [1, 2] and the negative findings of standardized ultrasound studies from other groups [4] [5] [6] [7] , raised many doubts about the ability of these criteria to provide a reliable evaluation of the cerebral venous hemodynamics. These considerations suggested to make efforts for identifying, applying and validating other ultrasound-assessable items for describing the venous hemodynamics.
FISM, a non-profit organization, is the promoter of a multicentre study, with the aim of obtaining the best response about the proposed hypothesis of a venous involvement in for people with MS worldwide. It will be possible through a study of large sample size to estimate the prevalence of venous abnormalities in MS, compared with the observed rate in normal controls and in patients affected by other neurologic diseases.
In this context, the distinctive features of the present study and previous studies comparing the current state of knowledge are as follows:
1. multicenter observational study with blinded ultrasound examination; 2. sample size of at least 1200 MS people 3. assessment of the prevalence of CCSVI and other forms of changes of venous hemodynamics in clinically isolated syndrome, relapsing-remitting, primary progressive and secondary progressive MS, using a larger sample than the one used to date.
A standardized ultrasound examination protocol was designed and implemented in a detailed training phase of the sinologist of the participating centres. The ultrasound protocol was distinguished in a basic protocol and an advanced protocol. The proposal of an advanced protocol came from the consideration that the assessment of the cerebral venous hemodynamics, both in intracranial and in extracranial pathways, does not mean only CCSVI, but it involves a global balance of the cerebral venous system (blood outflow patterns), validated measurement of valve function and a complete evaluation of the intracranial pathways and other items.
The topic of this paper is to provide some details about the advanced items of the ultrasound evaluation of the cerebral venous hemodynamics, starting from the critical evaluation of the five criteria proposed by Zamboni et al. for the diagnosis of CCSVI [1, 2] , with the aim of overcoming their limitations and finding the more proper items to evaluate the physiology and pathology of the cerebral venous hemodynamics.
Advanced ultrasound protocol
The definition of a more detailed and advanced study of the venous hemodynamics started from the highlight of the limitations and pitfalls of the proposed CCSVI criteria [1, 2] and continued with the proposal of an alternative method to overcome them, considering the ultrasound methodological items from the literature.
Criterion 1
One of the main pitfalls of the criterion 1 is that the proposed temporal threshold for the jugular and vertebral reflux is validated only in other conditions, i.e. at the site of the valve leaflets of the IJV and with the Valsalva maneuver ( Fig. 1) , and not in other breath conditions and outside the valve level for the IJV and other veins [8, 9] .
Another doubtful aspect in the published studies with their description of the ultrasound protocol is the measurement of the reflux duration, because of the lack of mentioning and image documentation of the corresponding Doppler waveform.
Although breathing is a known factor affecting the venous hemodynamics, both in the neck and in the brain, there is not a validated ''breathing activation maneuver'', measurable, repeatable and reliable. Instead the Valsalva maneuver is validated, executable in a measurable manner, with verifiable effects on IJV size and flow. Finally the threshold of 0.88 s is validated for diagnosing a significant valve incompetence of the IJV and it is not validated in other contexts and with other maneuvers.
Therefore, if the basic protocol contemplates the Valsalva maneuver as mandatory at the valve level, the advanced protocol added it along the extracranial course of IJV, at the level of its middle (J2) and distal (J3) segments. Outside the valve level there is not a validated threshold for a significant incontinence and maybe The inversion of the physiological flow direction during a Valsalva maneuver could not be called ''reflux'', but ''truncular incontinence''.
The execution of the Valsalva maneuver and its effects on volume and blood flow are well codified, also in mathematical models, both in supine and standing position, and both in the jugular and vertebral axis [10] . Fig. S1 shows the consequences of Valsalva maneuver also at middle (J2) and distal (J3) IJV segments of the IJV. But, why perform the Valsalva maneuver also in J2-J3 segments? The existence of a «truncular» jugular insufficiency is documented in patients with transient global amnesia with ultrasound techniques and the retrograde extent of this venous reflux into the sygmoid sinus has been found in this subgroup of patients by MRI [11] [12] [13] .
Criterion 2
The main pitfall of this criterion is that Zamboni et al. [1, 2] derived the threshold of >0.5 s from phlebological studies in CVI where it serves to quantify venous valve insufficiency following deflation of a tourniquet. Moreover the identification of the so-called intracranial reflux was performed by using a not validated window. In this study the known and validated temporal bone window will be used and in the advanced protocol also the TS is insonated, ipsi-or controlaterally.
The BVR is a virtually constant vein and it is very difficult to have abnormal flow patterns in it as a localized disease, outside cerebral vein thrombosis, particularly thrombosis of the SRS. The TS is characterized by a higher variability and it can be considered as a direct continuation to the IJV axis. Fig. S2 shows an abnormal flow direction in the Doppler waveform of the transverse sinus, as incidental finding in an asymptomatic subject.
Criterion 3
The main pitfalls of this criterion is that it was not defined consistently by Zamboni et al., because there are at least two different definition used in different papers:
The first published studies of Zamboni et al. cited the paper of Lichtenstein et al. [14] as reference for the ultrasound diagnostic threshold of IJV stenosis, but the aim of the study was to assess the asymmetry of size of IJVs for selecting the best side to central venous catheterization, in 80 patients from Intensive Care Unit. Furthermore the asymmetry does not mean stenosis and the selected CSA for making the catheterization difficult is 0.4 cm 2 . Moreover in angiographic studies of Zamboni et al. [15] there is not a pressure gradient across the venous stenosis.
In this protocol the threshold of CSA < 0.3 cm 2 was selected, coupled by a documentation of velocity parameters from a Doppler waveform.
In Fig. 2 there is an example of a positive criterion 3, but with a doubtful differential diagnosis between a so-called ''stenosis'' and a more physiological IJV hypoplasia. Fig. 3 shows an ultrasound example of a real stenosis of the IJV at the valve level, in comparison with the MR venography of the same asymptomatic patient.
Criterion 4
The main pitfalls of this criterion derive from a general and nonspecific definition of this criterion. The authors [1, 2] derived its validation from a study about extrajugular venous drainage pathways [16] , comparing ultrasound and MRI and defining three types of venous drainage patterns: a total jugular volume flow of more than 2/3 (type 1), between 1/3 and 2/3 (type 2) and less than 1/3 (type 3) of the global arterial blood flow.
Moreover, in this study flow assessments were performed at rest and not during deep inspiration [17] . The documentation of a condition near to the ''blocked'' flow of the criterion 4 is provided in another pathological conditions, transient global amnesia, as a segmental IJV absence of flow with a reversed flow direction in IJV branches [12, 13] .
In Fig. 4 , an example of this condition is shown in a patient with transient global amnesia. It is notable that the majority of so-called blocks are strictly positional conditions, often reversed by the ipsi-or contralateral tilting of the neck. For this reason in the present protocol, special attention was paid for avoiding to define a ''blocked'' flow in IJV if this condition was reversed by a minimal neck rotation.
It is also interesting to note that the situation described in Fig. 2 may gain two points, if the absence of flow is present in supine and upright positions, 1 for the criterion 3 and 1 for the criterion 4.
A global hemodynamics of the venous system rather than single segment evaluation is the aim; therefore a useful and validated tool is the calculation of the arterial blood flow and venous blood flow, as used in literature for distinguishing For this protocol the blood flow is calculated in both supine and standing position for IJV and VV for the outflow and for ICA and VA for the inflow (only in the supine position), by applying the formula BF = CSA × TAV [4, 16, 17] .
Criterion 5
The definition of this criterion is that CSA of IJV in upright position is larger than the one in supine position, being the normal condition the opposite one. Some authors questioned about a mistake for this criterion [4, 7] and anyway a difference between right and left IJV in supine and upright position has been described in patients with transient global amnesia, because of the compression of the left brachiocephalic vein in the thoracic outlet [11] .
This criterion has been proposed by Zamboni et al. [1, 2] as a marker of the loss of venous compliance. In this protocol, considering the doubts expressed from other authors [4, 7] also the deviation from the normal response to breath, with an increasing CSA during the inspirium phase and a decreasing CSA during the expirium phase, will be signaled, in order to better understand the global hemodynamic response.
Conclusions
The aim of the ultrasound study of the cerebral venous hemodynamics should be to understand the global hemodynamic responses and abnormalities, rather than to consider the alteration of the single segment of the single vein. For this aspect, it is possible that any criterion or combination of criteria cannot show this global view, but the blood flow study of inflow and outflow can help, in our opinion, to define a reliable and proper description of the global hemodynamics.
